The title compound, bis(ethylenediaminium) "-oxo-bis [tetrauorooxoniobium(V) 4À octahedral dimers charge balanced by ethylenediaminium cations, two of which lie about inversion centres. Two NbO 2 F 4 octahedra are fused through a common O atom to form the dimers. Characteristic short terminal Nb O bond lengths and longer NbÐF and bridging NbÐO bond lengths are observed, which result in the out-of-centre distortion of the octahedra, a manifestation of the secondorder Jahn±Teller effect. Extensive hydrogen bonding between the dimers and the organic template is exhibited.
Comment
The title compound, (I), is the ®rst organically templated niobium oxy¯uoride. It also appears to be the ®rst example of isolated dimeric niobium oxy¯uoride units. In purely inorganic niobium oxy¯uorides, a variety of building units have been reported: isolated [NbOF 5 ] 2À octahedra are found in Li 2 NbOF 5 (Galy et al., 1969) , and isolated pentagonal bipyramidal NbF 7 and NbOF 6 units are found in Rb 5 Nb 3 OF 18 (Agulyanskii et al., 1991) Figure 2
Projection of the structure down [010] , showing the stacking of the dimers and cations.
Figure 1
The asymmetric unit of the title compound, with displacement ellipsoids drawn at the 50% probability level. [Symmetry codes:
for the Nb1ÐO1 bond and a larger s (ij) of 1.61 for the Nb2Ð O2 bond. The bridging O3 atom does not require hydrogen bonding. All H atoms of the ethylenediaminium moieties partake in hydrogen bonding. In one of the octahedra (Nb1) there is a slight tendency for displacement of Nb towards an edge (O1±O3) rather than a vertex of the octahedron. The complex hydrogen-bonding scheme results in the crystal packing shown in Fig. 2 . The dimers are aligned along the [010] direction in a herring-bone fashion.
Experimental
Niobium pentoxide (0.2658 g), water (5 ml) and a 40% solution of HF (0.5 ml) were heated in a polypropylene bottle at 373 K for 1 h. The contents of the bottle were washed into a Te¯on-lined steel autoclave with ethylene glycol (5 ml). To this mixture was added ethylenediamine (0.25 ml) to give a pH of 4. The mixture was heated at 463 K for 5 d. The pH increased to 6.5 over this time. The ®nal product was ®ltered off, washed with water and allowed to dry overnight at room temperature. Crystals of (I) are monoclinic, in the space group P2 1 /n, which was chosen from the systematic absences. H atoms were re®ned as riding on their carrier atoms [CÐH = 0.99 A Ê , NÐH = 0.91 A Ê , and U iso (H) = 1.2U eq (C) and 1.5U eq (N)].
Crystal data
Data collection: SMART (Bruker, 1997); cell re®nement: SMART; data reduction: SAINT (Bruker, 1997) and SHELXTL (Bruker, 1997); program(s) used to solve structure: SHELXS97 (Sheldrick, 1997); program(s) used to re®ne structure: SHELXL97 (Sheldrick, 1997); molecular graphics: DIAMOND (Brandenburg, 2001) ; software used to prepare material for publication: WinGX (Farrugia, 1999) . Table 1 Hydrogen-bond geometry (A Ê , ). (Brown & Altermatt, 1985) ; (b) extrapolated (Brese & O'Keeffe, 1991) .
